Sclerostin is a glycoprotein involved in the regulation of bone metabolism, exclusively secreted by osteocytes. It affects the activity of bone morphogenetic proteins (BMPs) and is an inhibitor of the Wnt/β-catenin metabolic pathway in bone cells. Osteocytes reduce the release of sclerostin in response to mechanical stimuli acting on bone, and thus promote the activation of osteogenic pathway Wnt/β-catenin in osteoblasts. This signaling pathway plays a key role in osteogenesis and bone turnover. Loss of sclerostin gene function is related to 3 different craniotubular hyperostosis processes: sclerosteosis, craniodiaphyseal dysplasia, and van Buchem disease. Additionally, experimental and clinical studies suggest that sclerostin may promote vascular calcification. Antibodies directed against sclerostin stimulate bone formation and represent a new therapeutic option in the treatment of diseases with increased bone resorption, such as osteoporosis and inflammatory diseases where there is generalized bone loss, periarticular osteoporosis, and cartilage damage, such as rheumatoid arthritis (RA), ankylosing spondylitis (AS), and glucocorticoid-induced osteoporosis (GIO). Antibody use has the potential to offer new therapeutic approaches in the therapy of mineral and bone disorders resulting from chronic kidney disease (CKD-MBD) and vascular calcifications.
Introduction
Bone cells include osteocytes, osteoblasts, and osteoclasts with each having a different and specific roles in bone remodeling, and are essential to the maintenance of biomechanical functions of the skeleton. Physiological bone remodeling involves the continuous process of bone destruction, resorption, and formation, resulting in the production of osteoid (early phase) and its mineralization (late phase). A key role in this process is played by the basic multicellular unit (BMUs), which is a temporary anatomic structure. The opposing processes of bone remodeling are separated by a rest phase, when the surface of newly formed bone is covered by osteocytes. Apoptosis of osteocytes characterize the transition from the resting phase to the resorption phase of the bone turnover.
Osteocytes buried in the bone matrix act as mechanosensors, specializing in the receiving and transmission of signals related to mechanical stress, microtrauma, and microfractures, which play a primary role in the stimulation process of bone formation. 1 Sclerostin plays an important role in osteocyte-osteoblast signaling.
The role of sclerostin in the regulation of bone turnover
Osteocytes are the bone cells with the longest longevity; they constitute 90-95% of all cells in human bone. 2 Their role in bone formation is related to recruitment of pre-osteoblast precursors derived from mesenchymal stem cells by stimulation of the sclerostin-Wnt (Wingless-type signaling) signaling pathway. 3 Mature osteoblasts regulate the bone remodeling processes through the production of receptor activator for nuclear factor κB ligand (RANKL), regulated by 17β-estradiol and parathyroid hormone (PTH) though receptors which include parathyroid hormone receptor type 1 (PTHR1) and estrogen receptor β (ERβ).
Osteoblasts produce osteoid, bone matrix, and osteocalcin, which is a specific marker of osteoblast activity. When embedded in the bone matrix, osteoblasts undergo transformation into osteocytes, and then increase the expression of such particles such as denin matrix protein-1 (DMP1) and sclerostin. 4 Sclerostin is formed by osteocytes and transferred by cytoplasmic extensions to osteoblasts, which are located on the surface of bone trabeculae. 5 In response to mechanical loads, osteocytes secrete sclerostin through the modulation of the transforming growth factor-β (TGF-β) dependent pathway. 6 Sclerostin is a key molecule that inhibits osteoblast activity ( Fig. 1) . It binds mostly to low-density lipoprotein receptor-related protein 5/6 (LPR5/6) and facilitates intracellular actions. 6, 7 Activation of the Wnt/β-catenin pathway promotes osteoblastogenesis by stimulating osteoblast differentiation and inhibiting osteoclastogenesis by the RANK/ RANKL signaling pathway. 8 According to a new concept, mechanical loads not only directly stimulate osteoblasts but mainly decrease the synthesis of SMAD, a group of cytoplasmic signaling proteins in osteocytes that are necessary for the upregulation of SOST gene expression. As a consequence, sclerostin production is decreased, which indirectly stimulates osteogenesis. 9 Sclerostin can antagonize BMP signaling directly by inhibiting BMP7 secretion. Sclerostin interacts with both the BMP7 proand mature domains, and leads to intracellular retention and proteasomal degradation of BMP7. Sclerostin exerts its potent catabolic effects on bone by antagonizing Wnt signaling in a paracrine and autocrine manner, as well as antagonizing BMP signaling selectively in the osteocytes that simultaneously synthesize both sclerostin and BMP7 proteins. Wnt proteins are a family of glycoproteins that assist in triggering many signal pathways, which are important for the differentiation and regeneration of tissue. 10 Sclerostin is a Wnt-dependent protein that has a potent inhibitory effect on the Wnt/β-catenin pathway, stimulating osteogenesis by promoting the differentiation and proliferation of osteoblasts, inhibition of apoptosis and enhancement of osteoid mineralization. 11 The signals conduction on the Wnt pathway represents a critical point for bone metabolism. 12 Wnt/β-catenin signaling is fundamental for osteoblast differentiation, by stimulating (RUNX2, DLX5, MSX2, OSX) or inhibiting (C / EBP-β / δ, C / EBP-α, PPAR-γ) the respective genes and related proteins; blocking development and differentiation of mesenchymal stromal cells of the adipogenesis and chondrogenesis pathway. 13 The control of the Wnt/β-catenin pathway is regulated by transcription factor Osterix (OSX), which is highly specific for osteoblasts. 13 OSX factor is a target for sclerostin, which activates the promoter SOST and encodes sclerostin, which in turn inhibits Wnt signaling. 11 Sclerostin facilitates osteoblastic cell apoptosis through the activation of caspases. Wnt proteins are a family of ligand-receptor Frizzled (Fzd) and are used to initiate the conduction of intracellular signaling pathways, resulting in the stabilization of β-catenin, the main transducer in the Wnt signaling pathway. 14 β-catenin increases synthesis of osteoprotegerin (OPG), and the ratio of RANKL to OPG, inhibits osteoclastogenesis. 15 Serum proteins, sclerostin and Dickkopf-1 (Dkk-1), act as soluble inhibitors of the canonical Wnt signaling pathway, which has recently been identified as the signaling pathway in PTH transduction. 16 The canonical Wnt signaling path includes the formation of complexes of Wnt with frizzled receptors, as well as with co-receptor LRP5/6, resulting in the accumulation of cytoplasmic β-catenin and its translocation to the nucleus. 17 The interaction of inhibitors (e.g., sclerostin) on the frizzled-glomerulus receptor and co-receptor LRP5/6, which binds to the Wnt protein signal, determines whether intracellular concentration of β-catenin will be high enough in the cell nucleus to cause a biological effect (stimulation of osteogenesis).
Dkk-1 inhibits Wnt signaling by forming a complex with LRP5/6 and silicon, resulting in the removal of LRP5/6 from the cell membrane. Antagonistic activity of the sclerostin-Wnt pathway requires silicon as a cofactor, which in turn antagonizes Dkk-1. This is a subject of research. 17 Also, as sclerostin increases mRNA expression of RANKL, this in turn activates nuclear factor κB, which further activates genes required for osteoclast differentiation. 18 In the RANK/Osteoprotegerin/RANKL system, sclerostin decreases mRNA for OPG, which promotes osteoclastogenesis and bone resorption. 19 As previously described, intracellular signal transduction is responsible for the control of osteoblast development, proliferation, differentiation, migration, and apoptosis. 20 In healthy bone, osteocytes maintain a balance between osteolysis and osteogenesis through the control of sclerostin secretion. The effect of mechanical forces and microtrauma of bone inhibit the secretion of sclerostin by osteocytes, intensifying the process of bone formation.
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Diseases related to genetic disorders of sclerostin
In humans, sclerostin is encoded by the SOST gene located on chromosome 17q12-q21. Loss of sclerostin function was shown as the cause of massive amounts of normal bone formation throughout life, due to the absence of an efficient mechanism for the fine-tuning of BMP activity and bone formation. 22, 23 There are 3 different craniotubular hyperostoses related to the loss of SOST function. The first is sclerosteosis, which is a homozygous SOST mutation (MIM 269500). The second, craniodiaphyseal dysplasia (CDD), is caused by a heterozygous SOST mutation (MIM 122860). Finally, van Buchem disease is caused by a 52-kb deletion approx. 35 kb downstream of SOST that removes a SOST-specific regulatory element (MIM 239100).
The concept of genotype-phenotype correlation in this group of disorders is tenable. Sclerosteosis 1 and van Buchem disease are clinically and radiographically similar disorders. 22 These disorders include osteosclerosis, notable osteopetrosis, which is characterized by increased bone density, with no bone overgrowth, and little or no disturbance of bones contours. Radiographic findings include widening (hyperostosis) of the calvarium, the base of the skull, and the shafts of tubular bones. SOST is the only gene known to be associated with sclerosteosis and van Buchem disease. CDD is characterized by abnormal modeling of the skeleton and moderate sclerosis of the calvarium and base of the skull. The manifestations of van Buchem disease are generally milder than those of sclerosteosis and syndactyly is absent. The spectrum of SOST-related sclerotizing bone dysplasias includes an autosomal dominant form of CDD. 24 In contrast, van Buchem disease is an autosomal recessive bone dysplasia characterized by a symmetrically increased thickness of bones, most frequently found as an enlarged jawbone, but also as an enlargement of the skull, ribs, diaphysis of long bones, as well as tubular bones of hands and feet, resulting in increased cortical bone density. The clinical consequences of the increased thickness of the skull include facial nerve palsy resulting in hearing loss, visual problems, neurologic pain, and very rarely, blindness resulting from optic atrophy. Bone anomalies appear in the first decade of life and progress with age. 25 Sclerosteosis 1 is an uncommon, autosomal recessive, progressive sclerosing bone dysplasia characterized by generalized osteosclerosis and hyperostosis of the skeleton, primarily affecting the skull, mandible, and diaphyseal regions of the long bones. In most patients, skull changes cause facial paralysis and hearing loss. Other features are gigantism and hand abnormalities. Carriers (heterozygotes) of pathogenic SOST variants are not affected by any clinical symptoms of sclerosteosis, but they undergo the process of bone turnover and exhibit bone mineral density at a level that is at an intermediate level between normal and affected individuals, demonstrating the body's exquisite sensitivity to absolute levels of sclerostin. 26 In CDD, the main phenotypic features are progressive overgrowth of the craniofacial bones with deafness, facial palsy, and visual disturbance as a result of nerve entrapment. Radiologically, the cranial and facial bones are hyperostotic, while the diaphyses of the limb bones are expanded with thin cortices. 24 Heterozygous SOST mutations have been documented also in CDD affected individuals in Poland. 27 Apart from sclerosteosis 1, van Buchem disease, and CDD, no other simple genetic disorders are known to be associated with mutations in SOST. However, phenotypically similar sclerosteosis 2 may be caused by a mutation of LRP4 (low density lipoprotein receptor-related protein 4) that is involved in sclerostin signal transduction (MIM 614305). Additionally, common non-coding polymorphisms in SOST were found to moderately affect bone mineral density in the elderly, suggesting a role for varied SOST expression in osteoporosis. 28 As is the case with parathyroid hormone having anabolic properties, and hence excessive sclerostin-induced activation of the actuating mechanism of cell proliferation by Wnt, it may also initiate the process of tumorigenesis, which involves the risk of osteogenic sarcoma (osteosarcoma).
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Circulating sclerostin levels in relation to age, gender, menopausal status, bone mineral density, and postmenopausal osteoporosis 34 Increased sclerostin levels and reduced bone mineral density have been documented in adult patients with diabetes, predominantly in those with type 2 diabetes (T2D). Circulating biochemical markers of bone formation, including P1NP, osteocalcin, and bone-specific alkaline phosphatase, have been found to be decreased in T2D and may be predictive for fractures independently of bone mineral density (BMD). Serum sclerostin levels have been found to be increased in T2D and appear to predict fracture risk independent of BMD. 35 Sclerostin levels and changes in bone metabolism have also been studied after bariatric surgery. Muschitz et al. described an increase in serum sclerostin that was positively correlated with CTX and P1NP increases but inversely correlated with BMD loss. Elevations of sclerostin, CTX, P1NP, but not DKK-1 and iPTH, were significant discriminating factors for BMD loss post procedure. 36 Osteoporosis is a systemic skeletal disease. This disease is characterized by low bone mineral density and microarchitecture weakening of the bone tissue, and in consequence an increase in bone fragility and susceptibility to low-trauma fractures. Post-menopausal women are predisposed to osteoporosis development due to estrogen deficiency affecting bone remodeling. Deficiency of vitamin D and calcium leads to impaired bone deposition and increases bone resorption through increased secretion of parathyroid hormone (PTH) by parathyroid glands that react to low calcium levels. 37 In postmenopausal osteoporosis estrogens deficiency enhance bone resorption. Osteocytes are not only the major source of sclerostin, bone formation inhibitor, but also the source of receptor activator of NF-kB ligand (RANKL), an essential cytokine responsible for osteoclast activation and bone resorption in postmenopausal osteoporosis. In addition, there is some evidence for the role of abnormal sclerostin signaling in postmenopausal women. Recently increased methylation of SOST promoter was found in bone biopsies of postmenopausal women. It is considered as a compensatory, counteracting mechanism, which lowers sclerostin production and reduces inhibition of Wnt signaling in an attempt to promote bone formation. 38 However, serum sclerostin is unaffected by menopausal status or increase in age, perhaps due to kidney aging accompanied by deterioration of their excretory and biodegradation functions. It is generally accepted that sclerostin in postmenopausal women reflects bone mineral density. [39] [40] [41] Morales-Santana et al. showed the association between circulating levels of sclerostin and estradiol with an inadequate clinical outcome to bisphosphonate therapy in postmenopausal women with osteoporosis. Sclerostin signaling may be caused by decreased production of sclerostin (sclerosteosis 1, CDD, van Buchem disease) or defective sclerostin binding to LPR4 (sclerosteosis 2). Aside from the group of rare genetic diseases, the observable variability of serum sclerostin levels affects BMD of both cortical and cancellous bone in the general population. The molecular effect of sclerostin levels and BMD were studied by Reppe et al. 30 They showed that the genetic and epigenetic changes in SOST influence its mRNA expression in bone and serum sclerostin levels in postmenopausal women. Serum sclerostin and bone SOST mRNA expression correlated positively with age-adjusted and BMI-adjusted total hip BMD (r = 0.47) and inversely to serum bone turnover markers. The observations suggest that increased SOST promoter methylation, seen in osteoporosis, is a compensatory, counteracting, mechanism which lowers the production of sclerostin and reduces the inhibition of Wnt signaling in an attempt to promote bone formation. 30 Mödder et al. measured serum sclerostin levels in a population-based sample of 362 women: 123 premenopausal, 152 postmenopausal not on estrogen treatment (ET), and 87 postmenopausal on ET; and 318 men, aged 21-97 years. Sclerostin levels were significantly higher in men than in women, and increased markedly with age. When compared to younger subjects, elderly individuals had higher serum sclerostin levels for a given amount of bone mass. It has been suggested that circulating sclerostin levels might reflect total-body skeletal mass, the larger skeletal mass in men may simply produce and release more sclerostin into circulation. They also found that among postmenopausal women, serum sclerostin levels were significantly lower in women on ET compared with untreated women. Sclerostin levels were significantly associated with age in the combined group of pre-and postmenopausal women not on ET (r = 0.52) and in men (r = 0.64). 31 Estrogen signaling in osteoblasts negatively regulates SOST expression in an indirect manner through interaction with BMP2 signaling. This regulation involves the Wnt/ERα and β-catenin pathways. 32 Mirza et al. compared serum sclerostin levels in premenopausal (mean age 26.8 years) and postmenopausal (mean age 56.8 years) women and evaluated its relationship to estrogen, PTH, bone turnover, and bone mass. Postmenopausal women had lower values of estradiol and free estrogen index (FEI), and significantly lower bone mineral density at all sites compared to premenopausal women; with no significant differences in PTH, 25-hydroxy or 1,25-dihydroxy vitamin D levels. Postmenopausal women had significantly higher serum sclerostin levels (1.16 ±0.38 vs 0.48 ±0.15 ng/mL). There were significant negative correlations between sclerostin and FEI and PTH in this group. Using multiple regression analysis, both FEI and PTH were found to be independent predictors of sclerostin levels in postmenopausal women. These findings suggest that serum sclerostin levels are regulated by both estrogens and PTH. 33 Among other factors affecting cause of disease are observed. In the pathogenesis of GIO, the main feature is the suppression of bone formation, decreasing the replication of cells of the osteoblastic line, as well as their differentiation and maturation. GIOP disrupts the normal function of osteoblasts by interfering with the signal Wnt/β-catenin pathway, which is the most important element of regulating the life of osteoblasts. This pathway is inhibited by Wnt-antagonists sclerostin and Dkk-1. Animal and in vitro studies have shown an over-expression of these antagonists with glucocorticoid therapy. In humans contradictory results have been shown, although most point to an increase in sclerostin serum levels, probably due to the dose and duration of treatment. 49 Bone loss and increased rate of fractures occur early after the initiation of corticosteroid therapy, and are then related to dosage and treatment duration. Bone fragility in GIOP is characterized by the rapidity of bone loss at the introduction of GCs, and the discrepancy between bone mineral density (BMD) and risk of fractures. The increase of fracture risk is not fully assessable by bone mineral density measurements, as it is also related to the alteration of bone quality and increased risk of falls.
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Circulating sclerostin levels and calcifications
There is a hypothesis that sclerostin might also play a role in the development of aortic valve and vascular calcifications. Koos et al. evaluated serum sclerostin levels in patients with different degrees of aortic valve calcification (AVC) compared to healthy controls and investigated local sclerostin expression in explanted calcified and non-calcified aortic valves. Patients with AVC showed increased sclerostin serum levels and revealed that the severity of AVC is proportional to sclerostin serum levels. Moreover, the increased sclerostin expression was parallel to prototypic markers of osteogenic transdifferentiation, indicating the role of sclerostin in the valvular calcification process. 51 A study conducted by Hampson et al. confirms this hypothesis. They investigated the association between circulating concentrations of Wnt inhibitors, Dkk-1 and sclerostin with bone mineral density, abdominal aortic calcification (AAC), and arterial stiffness in post-menopausal women. A significant positive correlation was observed between sclerostin and BMD at the femoral neck (r = 0.17) and total hip (r = 0.16). In adjusted linear regression analysis, sclerostin was positively associated with AAC. Additionally, they showed that subjects with aortic pulse wave velocity (PWV) > 9 m/s had significantly higher serum sclerostin levels than those with PWV < 9 m/s (23.8 vs 29.7 pmol/L). 52 Recently, Kuipers et al. showed that increases by 1 standard deviation of sclerostin levels are associated with a 1.61-times (95% CI 1.02-2.53) greater risk of having coronary artery calcification. 53 and estradiol levels were associated with the response to bisphosphonate therapy in women with postmenopausal osteoporosis. Also, sclerostin concentrations were associated with the index of resistance to compression (IRC) in the fractal analysis of the distal radius, a parameter of bone microstructure. 42 
Inflammatory diseases related to disorders of sclerostin
Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) are 2 inflammatory joint diseases characterized by bone complications including osteoporosis. Bone loss, bone erosion, and systemic osteoporosis with an increased risk of fractures are observed periarticularly in RA. Determinants of fractures are underlying conditions, severity of the disease, use of glucocorticoids and reduced physical activity. Prospective data showed that the optimal control of inflammation in RA is associated with a decrease in structural damage and bone loss. RA illustrates the role of inflammation on bone resorption. In AS, osteoporosis is an early event, related to inflammation and glucocorticoids use, increasing the risk for vertebral fractures. AS is characterized by progressive stiffness and ankylosis of the spine and illustrates also the potential role of inflammation on local bone formation. 43 Osteoclastogenesis is under the control of RANKligand, which is produced by osteocytes in normal bone remodeling, but also by lymphocytes and fibroblasts in inflammation. 44 Osteoclastogenesis can be stimulated by a number of cytokines, the main pathway by Th 17 cells subpopulation interleukin (IL) IL-6 and IL-23. 45 A major role in bone remodeling process is played by autoimmunity, as antibodies against citrullinated proteins (ACPAs) can increase osteoclast numbers and their activity through citrullinated vimentin located at the surface of precursors and cells (through a TNF-α local effect). 46 Tumor necrosis factor α (TNF-α) transgenic mice are models of osteoporosis with a dramatic decrease in bone mass and impairment of bone microarchitecture. Overexpression of sclerostin with inflammation-related decrease in bone formation has been observed in animal models. Therefore, sclerostin inhibition is considered as a potential, powerful tool to enhance bone repair in inflammatory arthritis. 47 In a research study on an experimental model in mice, Yao et al. showed that treatment with monoclonal antibody against sclerostin (Scl-Ab) prevented glucocorticoid (GC)-induced reduction in both trabecular and cortical bone mass and strength, and appeared to maintain osteoblast activity through autophagy. 48 Glucocorticoids increase the expression of Wnt signaling antagonists (sclerostin and Dkk-1) in experimental studies on rodents. In humans, especially in young glucocorticoid-induced osteoporosis (GIO), the most common form of secondary osteoporosis and the first iatrogenic
Sclerostin in chronic kidney disease
Of the multiple disorders developing in patients with chronic kidney disease (CKD), of particular interest here are mineral and bone disorders coexisting with vascular calcification, called CKD-MBD (chronic kidney disease -mineral and bone disorders). This disorder enhances with a decrease in glomerular filtration, phosphate retention, and insufficient renal hydroxylation of 25-OH-D 3 , which results in reduced absorption of calcium from the gastrointestinal tract, increased secretion of PTH (secondary hyperparathyroidism) and fibroblast growth factor 23 (FGF23). 54 One of the components of CKD-MBD is vascular calcification, in particular on the middle membrane of muscular arteries (Moenckeberg type) that increase arterial stiffness. This type of calcification results in the increase in systolic and decrease in diastolic blood pressure, followed by an increase in the afterload and hypertrophy of the left ventricle and the reduction of coronary blood flow in diastole. 55 These changes are associated with increased cardiovascular risk. 56 The main factor stimulating transformation of vascular smooth muscle cells (VSMC) to osteoblast-like cells is hyperphosphatemia. Experimental studies have shown that hyperphosphatemia in VSMC increases methylation of the DNA sequence of the promoter and hence inhibits expression of the gene transgeline (SM22α), a protein specific to muscle cells, and increase expression of the transcription factor RUNX2 (runt-related transcription factor 2). 57 The increased expression and activation of RUNX2 (resulting in phosphorylation-dependent mitogen-activated protein kinase (MAPK) initiates the transformation VSMC to osteoblasts-like cells. 58 The factors intensifying the process of vascular calcification probably include sclerostin and FGF-23. Experimental studies show increased expression of sclerostin in VSMC during calcification. 59 In the case of FGF23, we have only indirect evidence in the form of increased cardiovascular mortality in CKD patients, including those on dialysis, with higher concentrations of FGF23 in the circulation. 60 It would, therefore, be expected that higher concentrations of sclerostin, like those of FGF-23, should increase cardiovascular risk, but there is conflicting evidence. 61 Some studies show no association between sclerostin and mortality. 62 The decrease in GFR and concomitant reduction of sclerostin biodegradation is potentially the main cause of the increased concentrations of this protein in circulation, despite increases in the fraction excreted into urine with the progression of CKD. 63, 64 As with subjects having normal renal function, higher concentrations of sclerostin occurs in men, which can be explained by a higher bone mass and indirectly a greater number of osteocytes. 65 The relationship between the concentration of phosphorus and sclerostin (independent from GFR) indicates its potential contribution to the regulation of its secretion by osteocytes. 66 Ishimura et al. showed that serum sclerostin was significantly and independently associated with BMD. The BMD in the distal 1/3 of the radius and in the ultradistal radius both correlated significantly and positively with serum sclerostin levels (r = 0.45). In multiple regression analysis, serum sclerostin was associated significantly and independently with BMD, after adjustment for age, hemodialysis duration, and bone metabolism markers. 67 Delanaye et al. confirmed the presence of higher concentrations of sclerostin in hemodialyzed patients (HD), a positive association with age and a negative association with PTH. 62 Logically, the accumulation of sclerostin in circulation should lead to a stronger inhibition of osteoblasts and lower level of bone formation. However, lower bone turnover and increased bone resorption was observed. It was demonstrated that CKD-MBD is associated with a higher risk of cardiovascular disease, increased vascular calcification, and circulating levels of α-klotho protein, FGF23, and sclerostin. Even in the early stages of CKD, a reduction in α-klotho protein content in vessels was shown to stimulate osteoblast transition in the arterial wall, secretion of proteins by osteocytes, and to inhibit bone remodeling. 68 Contrary to sclerostin, the concentration of DKK-1, an inhibitor of Wnt signaling pathway, and PTH signal transduction, was not increased in dialysis patients with end-stage renal failure (stage 5 CKD). Additionally, an inverse correlation between concentrations of iPTH and sclerostin, and between sclerostin and histomorphometric parameters of bone turnover, even after adjusting for age, gender, hemodialysis vintage, presence of diabetes, and vitamin D treatment was shown. The observed correlation between sclerostin and cancellous bone volume was lost in multiple regression analysis. 17 Contrary serum Dkk-1 levels did not correlate with iPTH or with any histomorphometric parameter of bone turnover. 17 According to the study of Pelletier et al., serum sclerostin variability in CKD patients was explained by GFR, sex, and serum phosphate activity in multiple regression analysis. 16 These results suggest that serum phosphate may stimulate sclerostin synthesis by osteocytes, but does not uncover the potential mechanism hiding beneath and does not explain previously observed inverse relation with iPTH. 16, 17 
Antisclerostin antibodies in established and potential therapies
Inhibition of sclerostin, a glycoprotein secreted by osteocytes, offers a new therapeutic paradigm for treatment of osteoporosis. Blosozumab treatment resulted in statis-tically significant dose-related increases in spine, femoral neck, and total hip BMD compared with placebo. In the highest dose group, BMD increases from baseline reached 17.7% at the spine, and 6.2% at the total hip. Biochemical markers of bone formation increased rapidly during blosozumab treatment and trended toward pretreatment levels by the end of the study. These results support further study of blosozumab as a potential anabolic therapy for osteoporosis. 69 For the prevention of fractures, antiresorptive drugs (bisphosphonates and denosumab) that decrease high bone resorption and, secondarily, also bone formation, are the mainstream of therapy. Osteoanabolic drugs, such as teriparatide, increase bone formation more than bone resorption and are used in severe osteoporosis, including patients treated with antiresorptive drugs in those who still lose bone and have recurrent fractures. New potential drugs for fracture prevention that uncouple bone resorption from bone formation include odanacatib, a specific inhibitor of cathepsin-K, the enzyme that degrades bone collagen type I, inhibits bone resorption and temporarily bone formation, and monoclonal antibodies against sclerostin (romosozumab, blosozumab), that stimulate bone formation and decrease bone resorption. 70 Regardless of the uncertain role of sclerostin in the pathogenesis of postmenopausal osteoporosis, its neutralization is an interesting target for treatment of bone disease. McClung et al. showed that neutralization of sclerostin with a humanized monoclonal antibody (romosozumab) significantly improved bone mineral density in osteoporotic women. 71 The treatment of postmenopausal women with an antibody targeted against sclerostin resulted in substantial increases in spine and hip BMD. These results are supported by study of blosozumab as a potential anabolic therapy for osteoporosis. A randomized, double-blinded, phase 2 clinical trial of blosozumab, a sclerostin antibody, in postmenopausal women with low bone mineral density. 69 It has not been established how antisclerostin antibodies affect vascular calcifications. In CKD patients, osteoporosis and CKD-MBD often occur simultaneously. Blosozumab may potentially be considered as a therapeutic approach in CKD-MBD; however, the antibody dosing, efficacy, or safety in patients with CKD has yet to be determined. Factors indirectly exerting an inhibitory effect on the secretion of sclerostin by osteocytes are parathyroid hormone (PTH), estrogen, and mechanical stress. In turn, bone morphogenetic proteins (BMP 2,4,6), glucocorticosteroids (GKS), calcitriol (1,25-dihydroxycholecalciferol, 1,25(OH)H 2 D 3 ) stimulate the secretion of sclerostin and thereby inhibit the activity of osteoblasts and bone formation. 21, 22 
